Aims To investigate separately for men and women whether moderate or high leisure time physical activity, occupational physical activity, and commuting activity are associated with a reduced cardiovascular disease (CVD) and all-cause mortality, independent of CVD risk factors and other forms of physical activity. Methods and results Prospective follow-up of 15,853 men and 16,824 women aged 30-59 years living in eastern and south-western Finland (median follow-up time 20 years). CVD and all-cause mortality were lower (9-21%) in men and women (2-17%) who were moderately or highly physically active during leisure time. Moderate and high levels of occupational physical activity decreased CVD and all-cause mortality by 21-27% in both sexes. Women spending daily 15 min or more in walking or cycling to and from work had a reduced CVD and all-cause mortality before adjustment for occupational and leisure time physical activity. Commuting activity was not associated with CVD or all-cause mortality in men. Conclusion Moderate and high levels of leisure time and occupational physical activity are associated with a reduced CVD and all-cause mortality among both sexes. Promoting already moderate levels of leisure time and occupational physical activity are essential to prevent premature CVD and all-cause mortality.
Introduction
Many epidemiological studies have shown that low physical activity is a strong and independent risk factor for both cardiovascular disease (CVD) and all-cause mortality. Further, quantitative estimates have given reason to believe that a sedentary lifestyle is responsible for approximately 30% of deaths due to coronary heart disease. 10 A total of 14% of all deaths in the United States have been estimated to be attributable to physical inactivity and an unhealthy diet. 11 Whereas there is convincing evidence that physical activity reduces CVD and all-cause mortality among men, 2, 5, 8, 9, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , only a few longitudinal studies have been conducted among women. 1, [22] [23] [24] [25] [26] Most previous studies have focused on the health effects of leisure-time physical activity alone 4, 13, 15, 16, 21, 27 whereas the evidence on the associations of occupational physical activity and commuting activity with CVD and total mortality is limited and inconsistent. 1, 2, 14, 16, 23, 28 However, it is important to understand the separate effects of the different forms of physical activity on CVD and allcause mortality. While some individuals could increase their physical activity in leisure time, others may gain a health benefit from being more physically active on their way to work or at work. The results of studies investigating the relations of occupational physical activity with CVD and all-cause mortality are controversial, varying from no association at all 14, 16, 28, 29 to a statistically significant relation even when controlling for various risk factors. 1, 22, 23 Furthermore, only a few epidemiological studies have been conducted in a true population sample 5, 7, [12] [13] [14] 19, 20 or their results were adjusted for a few confounding factors only. 6, 12, 17, 21 The purpose of the present study was to investigate separately for men and women whether moderate or high leisure-time physical activity, occupational physical activity and commuting activity are associated with a reduced CVD and all-cause mortality independent of cardiovascular risk factors and other forms of physical activity.
Materials and methods

Study population
Six independent cross-sectional surveys were carried out at fiveyear intervals within the framework of the North Karelia Project and the FINMONICA/Finrisk studies. 30 An independent random sample was drawn from the national population register for each survey. In the first two surveys (1972, 1977) , separate independent random samples of 6.6% of the middle-aged population were drawn in both areas. In 1982 In , 1992 , the samples were stratified by sex and 10-year age categories according to the WHO MONICA protocol. 31 The survey methods followed the WHO MONICA protocol and were comparable to the methods used in 1972 and 1977. The FINMONICA study is the Finnish part of the multinational MONICA project initiated by WHO in 1982. The first two surveys were conducted in two regions: the provinces of North Karelia and Kuopio both located in eastern Finland. The survey expanded to the region of Turku-Loimaa in south-western Finland in 1982 and to other regions in 1992. Subjects who participated in more than one survey were included only in their first survey cohort. The total sample included 38,138 subjects. The participation rates varied between 71% and 94% in men and between 78% and 95% in women. Informed written consent was obtained starting from the participants of the 1977 survey. At the time of the earlier survey, it was not customary in Finland to ask for a written consent, but the participants were informed about the purpose of the study both in written and oral form. Each risk factor survey has been approved by the IBR before being carried out.
Subjects who were previously diagnosed with coronary heart disease (n = 777), stroke (n = 253), heart failure (n = 1237) or cancer (n = 86) at baseline, and those who were physically inactive because of severe disease or disability at baseline (n = 1150) were excluded from the study. After a further exclusion of subjects with incomplete data on physical activity (n = 1106), height or weight (n = 487), serum cholesterol (n = 120), smoking (n = 232) or blood pressure (n = 13) the final sample comprised 15853 men and 16824 women.
Assessment of physical activity
Leisure-time physical activity, occupational physical activity and commuting activity were determined by a self-administered questionnaire. A detailed description of the questions for the physical activity is presented elsewhere. [32] [33] [34] [35] The questionnaire used for the assessment of physical activity has been successfully used elsewhere and it has shown a high correlation with physical fitness, as measured by maximal oxygen uptake. 1, 23, 27, 36 These questions were similar to those used and validated in the 'Seven Countries Study'. 37 The time frame of the activity questionnaire was a typical week. Leisure-time physical activity was classified as follows: (i) high: participation in recreational sports (for example running, jogging, skiing, gymnastics, swimming, ball-games or heavy gardening) or in intense training or sports competitions for at least three hours a week; (ii) moderate: walking, cycling or practising some other form of light exercise (fishing, gardening and hunting) at least four hours per week; (iii) low: reading, watching TV or working in the household without much physical activity.
Occupational physical activity was classified as follows: (i) high: lots of walking and lifting at work, taking the stairs or walking uphill (for example industrial work, farm work and forestry); (ii) moderate: walking quite a lot at work without lifting or carrying heavy objects and (iii) low: mostly sedentary work without much walking (for example, working in an office).
Commuting activity was classified as follows: (i) high: more than 30 min physical exercise (walking, cycling) every day while getting to work and back home; (ii) moderate: exercising between 15 and 30 min daily on the way to work and back home and (iii) low: exercising less than 15 min daily on the way to work and back home.
Assessment of other risk factors for cardiovascular disease
Smoking habits were classified according to three categories: never smokers, ex-smokers and current smokers. Education was measured in years and the subjects were divided in following categories: (i) low, 0-6 years of schooling; (ii) middle, 7-9 years of schooling and (iii) high, more than 9 years of schooling.
Height, weight and blood pressure was measured by nurses especially trained for the survey procedures. Height was measured to the nearest 0.5 cm. Weight was measure in light clothing. Body mass index (BMI) was calculated as weight in kilograms divided by height in metres squared. Blood pressure was measured from the right arm of the subject, who was seated for five minutes before the measurement. The fifth phase of the Korotkoff's sounds was recorded as the diastolic pressure. Blood pressure was measured twice and the mean of these two measurements was used in the analyses.
After blood pressure measurement, a venous blood specimen was drawn. Serum total cholesterol was determined by using the Lieberman-Burchard method in 1972 and 1977, and an enzymatic method (CHOD-PAP, Boehringer Mannheim, Mannheim, Germany) since 1982. The enzymatic assay method gave 2.4% lower values than the Lieberman-Burchard method. The cholesterol values from 1972 and 1977 were corrected by this percentage. All samples were analysed in the same laboratory.
Outcome definition
The data were complemented by linkage to the nationwide death register of Statistics Finland according to the unique national personal identification number that every Finn has. These records covered the period from January 1970 to December 2001. The Eighth, Ninth and Tenth Revisions of the International Classification of Diseases were used for coding the causes of death. The codes used for CVD were 390-459 (I00-I99). The endpoint of the follow-up was the date of death. If the subjects were alive, the follow-up ended at the latest in December 2001.
Statistical analyses
Statistical analyses were performed with SPSS for Windows 11.5. The Cox proportional hazards model was used to estimate the association between physical activity and the risk for total and CVD mortality. Physical activity categories were included in the models as dummy and categorizing variables, and the statistical significance of different categories of physical activity was tested in the same models, with the low physical activity as reference group. The proportional hazards assumption in the Cox model was assessed with graphical methods, and with models including time-by-covariate interactions. 38 In general, all proportionality assumptions were appropriate, except for the association of commuting physical activity with mortality in women. The linearity assumption of continuous variables in the Cox models was assessed by categorizing the variables (10 sex-specific categories for each continuous variable), and looking at the differences in log hazards between the categories.
All analyses were adjusted for the following covariates: age, study year, education, smoking status, systolic blood pressure, cholesterol level, BMI and two other types of physical activity. Estimated hazard ratios and their 95% confidence intervals are presented. A p-value of less than 0.05 (two-side) was considered as statistically significant.
Results
The baseline characteristics of the study population are presented in Table 1 .
During a median follow-up of 20 years (13 and 25 years for the 25th and the 75th quartiles, respectively), 3410 men died, of whom 49% were due to CVD. Among the women, 1862 were deceased of which 42% was due to CVD ( Table 2 ). All-cause and CVD mortality was lower in men and women who were classified as moderately or highly physically active during leisure time than among the groups with low leisure-time physical activity. The risk reduction in all-cause mortality was 9% (95% confidence interval [CI] 2-16%) among men who had moderate leisure time physical activity and 21% (95% CI 10-30%) among those who reported high leisure-time physical activity when adjusted for age, body mass index, systolic blood pressure, total cholesterol, education, smoking status and even for occupational physical activity and commuting activity. A similar picture was found regarding CVD mortality with a risk reduction of 9% (95% CI 0-18%) and 17% (95% CI 1-31%) among men with moderate and high leisure time physical activity compared with men with low levels of leisure time physical activity, respectively. A risk reduction in all-cause and CVD mortality was found in women who had moderate or high leisure-time physical activity as well. However, the relative risk of all-cause mortality varied between 0.89 (moderate leisure time physical activity, 95% CI 0.81-0.98) and 0.98 (high leisure time physical activity; 95% CI 0.83-1.16) compared to women who were inactive in their leisure time.
Women who were moderately or highly active during leisure time had lower CVD mortality (HR 0.83; 95% CI 0.71-0.96 and 0.89; 95% CI 0.68-1.18, respectively) than those with low leisure time physical activity when adjusted for age and year of survey, BMI, systolic blood pressure, total serum cholesterol, education, smoking, and also for commuting activity and occupational physical activity. Table 3 presents the risks of CVD and all-cause mortality among groups with different levels of occupational physical activity separately for men and women. Moderate and high occupational activity decreased CVD and allcause mortality significantly compared with people with low occupational physical activity in both men and women. When adjusted for age and survey year, education, smoking, total cholesterol, systolic blood pressure, body mass index as well as commuting and leisure-time physical activity, the hazard ratio did not change remarkably and remained statistically significant. The risk reduction in men regarding all-cause mortality was 25% (95% CI 17-32%) for moderate occupational physical activity and 23% (95% CI 16-29%) for high occupational physical activity. Women with moderate occupational physical activity showed a 21% risk reduction in all-cause mortality (95% CI 11-30%) and those with high occupational physical activity a 22% risk reduction (95% CI 13-30%). The risk reduction in CVD mortality varied among men between 24% (high occupational physical activity) and 25% (moderate occupational physical activity) and among women between 23% (high occupational physical activity) and 27% (moderate occupational physical activity) compared with subjects who are physically inactive at work. Women spending daily 15 min or more in walking or cycling to and from work had a significantly reduced CVD and all-cause mortality than women who had low levels of commuting activity ( Table 4 ). The risk reduction remained significant when controlling for body mass index, systolic blood pressure, serum cholesterol, smoking, and education. However, after additional adjustment for occupational physical activity and leisure time physical activity, the association was no longer statistically significant. No effect of commuting activity on CVD or allcause mortality was found in men.
Additional analyses were conducted including subjects who were physically inactive because of severe disease or disability at baseline. The protective effect of leisure-time and occupational physical activity became a little bit stronger (risk reduction increased by 1-2%) than it was after excluding these subjects (data not shown).
The joint associations of different forms of physical activity on the risk of CVD and all-cause mortality are presented in Figs. 1-4 . We dichotomized all three types of physical activity as light versus moderate to high levels for leisure-time and occupational physical activity, and at a threshold of 15 min for commuting physical activity. All subjects were classified into eight categories according to the three types of physical activity: subjects who reported low levels of occupational, commuting and leisure-time physical activity were used as the reference group. There was a statistical significant risk reduction in CVD mortality among women in all joint association forms of physical activity compared to the references category. In men, a significant risk reduction of CVD mortality was mainly found among those who had moderate or high occupational physical activity ( Fig. 1 and 2 ). Active men and women who engaged in only one form of physical activity had a statistically significant lower allcause mortality compared to the reference category (Figs. 3 and 4) .
Discussion
To our knowledge, this is the first study which has analysed separately the relationship between different forms of daily physical activity and CVD and all-cause mortality in a large population cohort including both middle-aged men and women. Our results show that already moderate and high levels of leisure time physical activity and occupational physical activity were associated with a reduced risk of CVD and all-cause mortality among both sexes. The relation remained significant even after adjusting for the most common risk factors for CVD and for other forms of physical activity. Commuting activity seemed to be inversely associated with CVD and all-cause mortality among women, although the risk reduction was not statistically significant. Physical activity acts through many metabolic and other pathways which affect cardiovascular risk factors. It improves plasma lipid profile, reduces body weight, lowers blood pressure, reduces platelet aggregation, increases fibrinolytic activity, improves cardiac function, improves cardio-respiratory fitness and lowers the resting heart rate. Furthermore, exercise training seems to improve endothelium-dependent vasodilatation 39, 40 and to increase urinary sodium excretion and insulin sensitivity. 41 In addition, it has been reported that physical activity affects the immune system by increasing natural killer cells and by enhancing their cancer inhibitory abilities. 42 Long-term exercise may be associated with a decrease of atherogenic activity of blood mononuclear cells and with lower C-reactive protein levels. 43, 44 Clinical experiments have also given a reason to believe that physical activity elevates levels of enzymes which act as scavengers against cancer-causing free radicals. 45 In the end, physical activity positively affects the psychosocial well being of the individual. 2 Interestingly, the mortality differences by physical activity found in individual-based analyses could not be explained by genetic factors. 4 Most previous studies have found an inverse association of physical activity with CVD and all-cause mortality among men. 2, 4, [6] [7] [8] [9] 12, 13, 15, 17, 18, 20 Furthermore, several meta-analyses have supported an effect of physical activity on longevity as well. 46, 47, 48 Surprisingly, only a few studies on physical activity have been conducted among women. Most of them have reported health beneficial effects of all levels of leisure time physical activity on CVD or all-cause mortality. 1, 22, 24, 27, 49 Two studies could not show an association between leisure time physical activity and longevity. 25, 26 However, both studies were lacking statistical power to observe a possible effect due to their small samples sizes and too few outcome events. Our results indicate that leisure time physical activity is inversely associated with CVD and all-cause mortality rates not only in men but also in women.
The findings regarding health benefit and occupational physical activity are controversial. In this general population, we found a reduced risk of CVD and all-cause mortality among both men and women for moderate Fig. 4 Hazard ratios of all-cause mortality according to commuting activity, leisure-time and occupational physical activity among women. Adjusted for age, study year, body mass index, systolic blood pressure, cholesterol, education, and smoking status. levels of occupational physical activity already. We also found that moderate or higher levels of occupational physical activity reduced total and CVD mortality among patients with type 2 diabetes. 35 The results of Salonen and co-workers 23, 49 are in line with ours. This study was carried out earlier among the population in Eastern Finland where a part of our study was also conducted, but it comprised older birth cohorts. Other studies do not support these findings. 14, 16, 28, 29 However, these studies did not adjust for most common cardiovascular risk factors, leisure time physical activity or commuting activity. 28, 29 Thus, their results may be confounded by leisure time physical activity because people with low occupational physical activity tend to be more active at leisure-time than those with high occupational physical activity as shown in our study material in a previous report. 50 The few previous studies conducted among women support our observation that occupational physical activity is inversely associated with CVD and all-cause mortality. 22, 23, 49 Only one study has investigated the association between occupational physical activity and the risk of all-cause mortality adjusting for leisure time physical activity and commuting activity. 1 They found an inverse relation between occupational physical activity and all-cause mortality among women, but not among men.
There is evidence that regular walking is associated with a reduced incidence of cardiovascular events. 51 However, studies investigating the effect of commuting activity on mortality rates are very scarce. We found only one study, which documented a 28% decrease in mortality rates for people bicycling to work. 1 Even though their results were adjusted for multiple risk factors, they did not include occupational physical activity. Moreover, the results were statistically significant only for men and commuting activity included only bicycling and not for instance walking to and from work. In our study, a significant reduction in CVD or all-cause mortality was found in women with daily commuting activity more than 15 min, and the association remained statistically significant until we included occupational physical activity and leisure time physical activity into the model. Previously, we have shown that daily commuting activity of 30 min or more is independently related to a reduced risk of type 2 diabetes in the present cohort. 32 Thus, it is therefore possible that some of the effect of commuting activity is mediated through the reduced risk of diabetes.
One of the main strengths of our study was that our analyses were conducted among large, representative population samples of middle-aged men and women. The participation rates were high and the follow-up period was relatively long, which makes it possible to apply the results directly to the general population. Furthermore, this is to our knowledge the first study to analyse separately the associations of different forms of physical activity with mortality from CVD and all-cause. In addition, we were able to adjust our results for the most important risk factors of CVD and all-cause mortality. Naturally, our study had some limitations. Physical activity and other predictors of mortality were assessed only at the beginning of the follow-up only, as usual in observational studies of this size. Thus, possible individual changes in the level of physical activity and other predictors of disease and mortality during the follow-up may have influenced the results. We also would like to point out that our approach was qualitative, because we divided physical activity into categories and provided a ranking, but not information about the quantitative intensity or optimal doses of activity. Quantitative measurement of physical activities is more difficult and time consuming in large population studies.
In conclusion, our results show that already moderate levels of leisure time physical activity and occupational physical activity are associated with a reduced CVD and all-cause mortality among both men and women. This protective effect was observed regardless of body mass index, age, education, smoking, total cholesterol, systolic blood pressure and other forms of physical activity. Therefore, promoting already moderate levels of leisure time physical activity and occupational physical activity is an essential component in the prevention of premature CVD and all-cause mortality.
